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PULSE MOTOR CONTROL METHOD FOR CAMERA PROVIDED WITH LENS STANDBY 
POSITION 

Publication Number: 08-327877 (JP 8327877 A) , December 13, 1996 

Inventors: 

• HATADAISUKE 

Applicants 

• RICOH CO LTD (A Japanese Company or Corporation), JP (Japan) 
Application Number: 07-135277 (JP 95135277) , June 01, 1995 
International Class (IPC Edition 6): 

• G02B-007/08 

• G03B-017/00 

JAPIO Class: 

• 29.2 (PRECISION INSTRUMENTS— Optical Equipment) 

• 29.1 (PRECISION INSTRUMENTS— Photography & Cinematography) 

JAPIO Keywords: 

• ROl 1 (LIQUID CRYSTALS) 

• Rl 16 (ELECTRONIC MATERIALS— Light Emitting Diodes, LED) 
Abstract: 

PURPOSE: To provide a control method for pulse motor of a camera provided with a lens standby 
position shortening a lens extension time and a lens returning time by providing the control reference 
and the lens standby position, extending a lens from the lens standby position and returning it to the 
standby position. 

CONSTITUTION: A niimber of lens extension steps and a nimiber of accelerating/ decelerating steps 
are compared and a pulse motor 22 is controlled at a rate corresponding to a number of extension steps. 
The sum of a number of steps of the lens standby position equivalent to a number of lens returning steps 
and a number of extension steps is compared with the number of accelerating/ decelerating steps and the 
pulse motor 22 is controlled at a rate corresponding to a nimiber of returning steps. At the time of 
driving the lens standby position, a quotient and a remainder are found by dividing a number of steps of 
the lens standby position by a number of driving pulse data, after detecting a reference signal, the pulse 
motor is driven by means of the driving pulse data with a number of times equivalent to the quotient and 
v^th a number of pulses equivalent to iJie remainder and stopped at an arbitrary lens standby position. 
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(57) [S*^] 

{CUT, U>XigiJttLB#fa. U>X^bB5r^^^< b 

»4l±tSt. ilif)WL;^f •;'7•S^!K:It:D/c^-^•CA;^ 
•r* t/^X^^&gy^f-^ 71Si^») iHtxfV 7"li© 

>'^•;^;^IS■T?-'^•J^;^■^:-^^^|g«lt. e:t0u>x^^{4 
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1 

U > X|g«)?:tf ^ b > XJ$^(4g?:|S: W tcijjtvt^ 10 

u^xrlnfk:. u^xro;^?"'^ 7mffl^-r-2)U> 

xf!■c^^•;^;^■=&-d^^S:|g^t|•r•5C^icJ:0, ffi,#,<DU> 

& ■ 

(4gK: U > X?rig8!|-r -S Jl/X * - $ 
[000,1 ) 

50 
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[0002] 

[fiE*©R{|5] i&¥©:*7y^». v^•;^:^*-^^ccJ:->r 
JiiJ U > X^: f> h ag* t?g t) ffi-r J: ^ CC )tf o -C te 
0. S/c> — -:3©>'^■;^x*-^^■clii;^>X|g^i)^i^1' 
5'i'PaKlgStii?:tf ^<fc'5«:0/c4>©*5*-5. *tHMA 
©fflBi«c*>*^?.!RFl3¥5 - 2 3 2 5 4 3^<2r$RiS«c©l% 

mmr^jz^icb. c©»*ffiaa«igiJi!t©*:-A^y 

->3>*i6©IEi£K:f$^t:7 9^x2» h»«^/M.U'>X 

^xfi^^^&MftgKiED/cfitass-c^oas-s. s 

/c. S*affia8!lgl5M©*:-A4<>'->a>*'e>©iS!feCC 

f^oTiiB^?^*-^ FSffi^-e©figK:^L//cS**- 
[0 00 3] ±iS^$R©^B(3H$5fc, U>Xg»)mi/{4 
e©tH;^jfi-^*5^{t L//cfig*> 6 t - f ^rfrS© 

>xsio m bW}mmm-r 6mmi^mM<om^^tj: < -r 

fcfejc. c©^SfiSfi<]^M?r>'^•;^;^*-^^^c^^#•r-5>|gS!J 
-'^•;^X©^^^{c^g[L> cn?:^ii^n©*^7«© 

.•^.^toti-figccis 0 ai-r^©mfi6«]$«© i # «: . ±ia 
^^^^m^Mmh^bxi.^^, 

[0004] 

mmifim^bj:^tthmm):^^mit, ±M&mi 

m<D^m^^fbic^^bfci><DX$>6. irtit>h. *^ 

we.-), C©U>X^tS{4gA:.P>U>X?rigi3tiiOSfcU 
>Xi^ij fcBl/{4g*'6^^(4gS-CU>X<&M1-J; ^cc 
■rSCttcJ;f3, U>X^i5tBL/^PBl U>XM 
0B#K*5® < -r t >&Blt6cc L/cU>Xf$tS{4g%i9: 
i:f )t * j< 7 ©>> * - i» Wmi]^^ Sttf •& c i {c * 

[0005] *^B^©fte©gW«. u>Xf$tS(4g^e 
U>X©^i3tfiUl6;&j^3#. -^i. 7iffPS6*-C©^f 

[00061 *j^B^©3 etcftecafi^jtt. mmm^<om 
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[000 7 ] *5%^©3e.«:ffe©Sfi«]«> Aju;^*-^ 

%mirr 5 i . 6© f > h la^acc J: o r « 

CttCiO, i&©»Ji^©U>X^i3tiJLS*»i>3 

^^w/c*^^©>'<;i'X-t-^$ijffl):^ffi?:iget-r€>ci 
[000 8]*^?g©56{cffe©SW«> ±IB©J:^>«: 

(c u > xjfti&s* f igft-r ^ c<!:k:j;o;*:©u';-x 

{C{i A S ^ ^1 fC L > ^>:© U y - XiCtel »r 4> -f if 
tt* -C© i5( A ^ i^?r $ # .5 C i *s-C # S U > Xft 

C0009: 

fflL/XT- ^■fl^CCIc.Dfc.'^'Jl'X U- f--C^s;l';^*-df$ 

b>X#tSfigx7- 7-|iti|gO tHLXr 7-|^©?a 
i, JjDScjSXT-'y^'IBti^riWi^L. RbXf- i^mio 
C/cA^ux hrA;i/X-t-i/^|ij®-r.&<i;'5«:i^r 

[0010] ii^:®3fe«g©^Bj«, u>x^mgig 

ttB#CC. u >Xf#^<4g;^ 7- 7■^<5:»>'^•J^X 7^- $ 

Sg^(l>'^•;^X7'- i?t?±iBS«ctB^^SIsllS>'N-;i'X*- 5? 

L.*>-:3±iB^ 0 cctB^f -^»'^•;^x!^r >'^•;^x t - 
f ?r|g»-r S C i (C J: 9 . ffi;t© U > Xf$t5fiig-cfP± 

[0011] i«*iS4iBiS©l%B^«. /'C;i'X*-if©S 
ti^-^ft^a?:. U>Xig|»3tB0a#X{*U>XMUB#©li 

[0012] i»5l<]15iBtS©l«H^», JVlZ^-ii(om 

{<:ge-,-c®i5u>x^^»)ffl-rBij{c, u>xfttsfirg^ 
mmmtLxmmb, c©i^>x^m&g«:u>x?:re 

ii)-rSJ:^K:L.fcib©-C**. iS*]16iaig©li?^©ct 
■JCC. 'JH2-:; hSJim§X«U>XBILm, U>X?$tS 
ligsr u >XS:lB!!ji-r-5 J: ^ k: L-r J; 
[00 13] 

[f^ffl] if*aiieK©^Bjr«, u>x^«3HiLB# 
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«IOUibXf-^;7-|a:*5J)lM3SXf-.-^7mi5lt*Ttf 
^g^,»^^■J^X^- ^■C>'^•;^Xt-^^5:fiat?$lJ^5IO. SgO 

i»3RIi2fBSS©^BJ-c«, 1/>XML/B$(C> U>X 
MLXr 7mtaS-r5 U>X^*SflLgXr 
^'9WLX7--^7m©fai, ttlSiIX7--y:/|g[i^it|g 

>xMb xf- :7m*^«iixf- 7m 0 *>tas^# 
t>ii^»i«t,^>'>vux h rz-cjux^-^/ 5:jgjir^Jia) 

[0014] W^3iB*S©^B^t?«, U>X^ti{4g 

iBIItt-'^•;^x 7^- 3? -cJblB^Kffl^^ €.ls]|^/^•;^x 

- 3? ^mm-r^c ^ o , gfs© u >xf#^{ig(cE 

20 fl|{CU>X?:^Sb3#-C#^3-tJ:SC i*5-ctr^, U> 

[0015] i«*^4iB*S©^sjt?(J> .'^•;^x*-$© 
U>X^OfflLB#X(*l^>Xf|tB#©li-r 

Lfcm^t-cit. H2>-y-©tx7=-';'>x-tsts«wi^fSgp 
LB$©i^-rn*'TMai-r -s <fc ^ tc sir-t ■2. c i cc j: 0 . 

[0016] ifl^]I5fE*S©^Bj-c(i, f> hPSatC 
S£or«^u>X^^f?W-rBflfc, ^>X^#S{4g^iSi 
MMiorgiSU. C©U>X1ftS(i[S«:U>X?:|gi* 
t-S/cJ«>> U>X^mg*>6U>X;&^DUl-r^S? 
B#©U>X|gf)mL/g*iM^6, U>X||0ffiU^^*5 

[0017] f»«]«6IBiK©l£B^-C«. 'J M 'J hSM'P^ 
40 X«U>X^t^K:U>Xf#^fig*-CU>X€:liSllL 

[0018] 

[Hife^] J£iT. Sffi^#MO!'d:*56*^Bj(c*^*^-5.U 
>X^{4g^g:i^/c*y 7©-'^•;^x*- ^MWij&^o) 

mmmK.':)t,>xmmt mat. ^mmommmicm 

<.^6nSliISg©^7'n > d;?r7SLt:te<3> ifCCPU 
li-Oif-^ce-X (WT r I F J <!:l,»e>) IC20 
«:J:0^)iS$n-Ct>.S. CPU 1 {C{3:m?ik2*^^>DC- 
50 DC3>yN--if3%:n- Ot:--SmE©^jS*s«if& 3 n 
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CPU h I C4. I C5, m 

AF I C7. r-- h¥L3A^fl3LED8. ^Vyp^m 

S9 . >c h Dii<5^s 1 1 . ii-gp^gB^B^^^^ myrn 

.4CDK^-Y>'^'15. §S^Sfil^^iBtiT'5EEPR0 
[0 0 1 9] iiai F I C20{3:. SmE©Wh^>i^ 10 

xd?2 4^WLr-e<DsmEai;^^»'r.^« ifi 

CDSmEKV-Y^^'? 1. ^^LED2 3\ X-A-t-^? 
3 2Rc;7-rJbA*&ji^-^3 3CDK^-r>'^'3 1. v^i' 
3 5 CD 3 4. -fe^U^ >f vftf^^CDfte^g 

COa^?:?T^^>:7'3 7<DK^^/A*3 6. ^' + 

z>t-h^:y^vy'^ (P I ) 3 8/7>{;ui.^S-ecDffe 

[0 02 0 ] CPU UJ. y-fe-:^ h I C4^CJ:»9 y-fe-:; 

hsn^i. Dc-Dcn>.'^'-^3^esiILr. m 

ittb VCOSmE^S I CtC^t^T-Bo ■& I Cittmi'^^&i 

I F I C2 OtiCPU l7^^6(Dt/llT>^l'jifi7'-^ 
Cc<fcOri> ha-;b2.n-5>o CPU.1«. j^f^X^^:.^ 
. 13<D«lf^>l:£agfif]CC^t±iL. U';-'X;i<-^>3&5}¥$n 
fctmWiLtcm^U. AE I C6<=tO«T^-^^. A 
F I C7 J:0a'J!Sf'-^?^aRf3ii^. XhUJt^'^3feSl 
l(D5ftm^H©^x-:; JI-gPLCD 1 2. :7t'Y>3?^ 30 
LCD 14. ^/T^LE D2 3CCj;^^Scr)^^^t7l\ 

CO 02 1 ] Zy^v^mmUm^t. CPU It^hCOzy^) 

rii'iiMr-^'CcS-ut, IFI C2 orsmE»F 

^>i^X^ 2 4(DS6{^*$ljaiL-C>'i' 5?IEg!imE^^ 

^u^rv^(om{'^i^m'r^t^V ')vv^^ (ot rp 

:f >>'^ "$!Jffll^Cc J: o TaiEg3fe i ^ cfc ^ Cc*iJiK) $ n 

-So 

[0 02.2] SI tc^tjc^r. I F I C2oor)~gp. 

EWh^>S>X4?2 4. ^mEK^'/>'^'2 l^^tfgp 

4O<D:a(*{^^02CC^-ro 02CC4dt^r. >'^'>^^X^- 
5?2 2«7:r-:^XU>X^|gSft-rS« i^i-y^tiS^ 50 
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igr>'^V^X^-^?2 2Ccfit$&$n'6o ]FIC2G(J. 
^(OV SENS ffl^ CcA;b ^ n/c^mKQl h ^ >t>X 
^2 4CDffi;b^E;&^miiBC PU 1 cD^^mEi-gc-T ^ 
J:OCC. VCONTS^7^^6$«aJfi-^^ai;^L/T^mE 
*ijaih5>t^X j?2 4^$tJfflJ-r-5>o IFIC2 0CDFP 
MV^-T-t^^mEK^>f>'^'2 lcDtU:^;®EWftfi-^^a 
TLJ CDB#^^. SmEK^'Y/^'2 1^^ 
ee^li, SlimE^ffictnR 1 iffitSR2<Dtt^(Cj;or 
^Eb/cSmET/^*;^X^-^2 2^J|g«lb. THJ 0 

E» h V >t^X 3? 2 4 CDS^EtH;'J.'C^^'>'I/X^-- ^ 2 

2immh. 

[002 3] I F I C20(DFPM0:^j:C^bFPM3^ 

1-^^)17.^- ^ 2 2^mmm^hfc^<o^^)\^:^mm 

^t^^l-xh^. m3\t. >'^•;^x^-^2 2^2»e8 
CCJ: D»TSift^<0^mE K ^ ^>^^' 2 1 (D^M^^ 

CPU 1^6 I F I 020^^.^^^^^-^^. 
S3^^-rOAh. 06h. 09h. 05hcD4o<Z)r 
-:^CDF*iCD— IFIC20ti. CPUl^^iE) 
Sim^n6±iBr-3?CC>rtlSUt:, FPMO^cliLFP 

iA3^i-ij^h%mKY'7^^^2 l-^>'^o^x$^J^aIm-^^ffi 

:^-r^o ^mEK^>f>'^'2 Hi. ±ISFPMO!^j:t>LF 
PM 3 ST-:*^ JfflIfi-^(Dffl^^t>-tiCC|£ D T 

>'^';^x^-^?2 2Cc|gs^I^^*;^x^A:^L. >'^*;^x^-^ 

;UXCDJra#tiHH. HL. LH, LLT^O. U>XM 
L^Dli^^D^i!|y^';^X©Ja#t^. HH. LH. LL, H 

[0 0 2 4 ] eECCiJ^0JL/c<J:^^. 2 2© 

-To S4CC4dC^T. U>X{4g {>'^V^X^-5^2 2 0D[il 

fettg) (J/^'-A4<^:^>'3>HP. u>Xf?^{4gic 

ja^^Siffisnr^oO. ^^-A;J<i^i/3>HP<!:^>x 
ni^iiLmt(Dfsxj<)v:K^-^mmm^ (p n ^^^^o 
gb^cfc^tcjsroTc^^o ^/c. m4<omxkt. u>x 

c^^?&5, u>x<DWLn^j:^x\tt. ^mtmmM. ^t-fi 

[0 02 5 ] ±i^>'^*;^x-t'-^?s?tfi■^^^i. v'^vux-t 

9fS<D{4gCC^L/cB$,>^X THJ TLJ {C, X« 
TLj THj >'^*;^x^-^^2 2«. 



Bs 6 ig a ^' J u X > h -r -5 <fc ^ ^ o r I ^ ^ o 

[0 02 6] a4(C*5C^r. tr. }giJU>X;&5u>X 

0 ai LCD aSfig:^^ U > Xf#^{4giS^CC ^) r 0 ttl 

A^t^i>^3>^r(DU>XKL|gS()i. ^C[)^i^ti{4 
g^r^«i$-^^U>X^m(4g|gtti;S:tf^. 

u - h r >vu X ^ - ^ i^^i^ f^iJ ^ ^IgSft 5 ti ^ iiiiE Ffl 

»IKrBl^^*^c U>XKLEFHl{iU>X}^ti{4g^il 

^hi^cmmmrs^mx: ^>x^tml!^cM-^ rf^^r 

fmf)^ THJ i)^f^ TLj CCg^L. C0e^B$,$>6ff 40 

[0 02 8] ^/c. h^tifcm^. m 

^>X^^'y7r^>X8uffi^3S^SL/ciR,^,^75^ 

6. :^^7^^ffiT'^fci6^CU>X>'>*>jr^lx>Xm)ffi 

{4g7!^^6— s^^--A4<i/i/3>$ru>x^KU, 
(c. Sc;u>Xj#^(4g^r^0tH-rsf)f^T*^. u> 
x^^g^&^e^-Ajj^i^v'avsrtDMui&fm. <s 
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J^-A;j<i^>/3>^6U>X^^ag*:r<D«|f^ 

>'^•J^xk:J:^^>X^5M[g|ES4Era. 2)SaEra?:)«Cc 
Srtft>ti^o C(D<i:^tc. 'j-fe^ihBSCc. -Ht^-A 
j|^t^>'3 TMl//c^<b ^>x^$mg$r|gtbT-s 

:i:ftWtCtt|gS|y^-;l/XSSE<bU>X{4g<!:<D'rn3&^S 
IilffliE$n^Ci^)SO. U>X{4g?:iEfi8CC$lJfflI-r^ 

[0 02 9] ?S4cj, >'^•;^x^-^S^ifi-^ti^>X;^>^^ 

}^"r^4>(Dr\ a^(D{?!lr«U>X^OaiLBi!F^ THJ 
TLJ ^g^U U>XMt^^ TLJ THJ 

-fe>1^(D{4gK{^"?^t:Xr yt^X^CCcfcor u>x 
JgD UbLKji u^XMb^i'Ctifi'^cDa;^^ >f 5 >^ 

[0 03 0]^^^. &.±mmbfcm'f^mirj:i^bmi 

XMO:^f^^FCOUNT_F = 0<bU, CCDi^Af^- 
ATf^'Jiy 3 >H Pr>'^;t'X^'-^C7)SiS{±g^i6^tf 

tb. C(D<!:^^>X^#ffi{4g'C>'^V^X^-t^CDS?f{4 

[ 0 0 3 1 ] 0 7 1*. MVl/X^- ^? 'J -fe h B^CDiWI^^ 
^■To CPU l3&i';-fe-:; h^tifct^rj:^(fC\^>XiiS 

h'r>^^:7-^cDm;b (tiT rp i j ti.^^)J)i Tlj 

u>Xf?ta{igfflcc*€>cD;&^?:^tll-r^o P 1= Lr* 
n«U>X^tS{4giWCC*)^o P I = H-C^>ti{iWOR 

C(OWORK„0L«M*;bX:^'i;>FRAMCDC<h 
WORK__0L = 3 2«, /^*;^X^-^^|gli6Lr 
*>P I:?!l5^^kL^:cl^<^:^(D>'^V^X^-^ F^-<:/NG:7 
(PMNG_B) *^Jg>'^V^XS5[^ rs 2 J t^-^zyh 

^3 2J^mt}bXhP IffiOtfCtj: hfjii^^m^kt. PMN 

G_B= 1 k^-y >^NG:7^^;&iz: 

[0 03 2] a7Cc4c5C^T. f tj-fe-^ h>'^'>'U:?^fi^J 

^>X{4g(D^7]»3^B$^D>'^';^x^-^|gKl>r^'J^x 
iH^^-r-64><Dr*So ^»3;&>6P I = Lx$>^m^ 
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K_OL=FFH m^^tZbb) t^b. 'J-fe-^ h 

b>'^v^x^i;^l^J:•orP l rtj thj (ci£^-r 
ntf . /N';i/X^-^.t^-A)i<i;>' 3 >|gttR D H P_s 

THJ ^ite^L/cCC^ii^^>PMNG_B= 1 tbXJ^Jl 

[0 0 3 3 ] SStJ. >'^*;^X^-:$?;^-A;^^i^t^3>|g 
ttRDHP„S(Di()f1^^in-ro FCOUNT_FtiPI 

THj •ri^cC*D^u>XML:&r^. ir*nt^ thj 
TLj ttj:t>%i^i^xm^avyo\^^mtJ^'?(.c. mm 

^%6;&^CcHS3nr U>X$iJWtfbh-2>o FCOU 
NT„F== O0<!:ietiRDHPPM=PMDD'CP I M 

-7^r^r--^PMDD7!i^iBtg§n-So -^cDt^. ML^^Vb 

ttr^o ^Ur. FCOUNT_F = OOcb^tiPMD 
D=PMECDIpIS^ (PME_C0UNT=3) ^:^^> 

. H.t:^^-"A.•l<i>>'3>k:g:S•r^o pme^jeepr 
O M ^ IB If. 3 n T c ^ ^ ;^ - A ;tr 3 > >' ^ ;u X ^ - ^ |g 

[0 0 3 4] FCOUNT_F= lOt^^t. igS^I>'^•;^ 
XSS: (PME_COUNT= 1 0) 

i^i^Byi^W^-th. ccdJ;^^. pme_count 
{t. FCOUNT_F^J:oT. PMDD= PMEcDIhI 

CCD<t^>^Lr^-A;}<>^^^3>-v(D|gtt;!l5$^7-r 
[0 0 3 5 ] HQiO^^ai l^-Cti. ±fe;fx'-A:i<e^i^ 

B>^mW}bfc$>ti^yxn^iiLm^(DmW} (pre_ 

STEPy^^-To CC-C^. FCOUNT_F^<fco 
XJ^)lX^-^mW1^mf3^^t>^. FCOUNT_F = 

(OJ^jv:^^-^<Dmmiimimm(iCj:r>x^^'r^o m 

PRE_STEP/4^?S^U. ^(D^cDS 

-3?^;;^5HH. HL. LH. LL<D4or^'2)Ci^J: 
09^C:teliT. rwORK_l L = PME_COU 
NT+8 J CD rsj P \ = Li:^m'r6fc^(0^m 
mx$>^. ±iEFCOUNT_F>&50(D^^^J. 
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[0 03 6] SI OCCfcC^r. FCOUNT_F?&50:*^ 
1 7!»i^.fc o r P R E _ S T E P i tbtJ-r 'S.IS^^x.^o 
•r%*D-^. FCOUNT__F = 0(DlS^tiFMRES* 
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(54) [Title of the Invention] CONTROL METHOD OF PULSE MOTOR 

FOR CAMERA HAVING LENS STANDBY POSITION 
(57) [Abstract] 

[Object] To provide a control method of a pulse motor for a 
camera having a lens standby position wherein a control 
reference and the standby position are arranged, the lens is 
moved forward from the lens standby position or moved 
backward to the lens standby position to reduce a lens 
forward drive time and a lens backward drive time. 

[Construction] A lens forward drive step count and an 
acceleration and deceleration step count are compared with 
each other, and a pulse motor 22 is controlled at a rate 
responsive to the forward drive step count. A sum of a lens 
standby position step count and a forward drive step count, 
corresponding to a lens backward drive step count, is 
compared with an acceleration and deceleration step count, 



and the motor is controlled at a rate responsive to the 
backward drive step count. During lens standby position 
drive, the lens standby position step count is divided by a 
drive pulse data count to obtain a quotient and a remainder 
After detecting a reference signal, the pulse motor is 
driven in accordance with the drive pulse data count at the 
number corresponding to the quotient and the pulse count 
corresponding to the remainder so that the pulse motor stop 
at any lens standby position. 



[Claims] 

[Claim 1] A pulse motor control method of a camera having a 
lens standby position, the camera performing lens driving by 
electrically detecting a reference signal of a pulse motor, 
comprising comparing a forward drive step count with an 
acceleration and deceleration step count during lens forward 
drive, and controlling the pulse motor at a pulse rate 
responsive to the forward drive step count, 

[Claim 2] A pulse motor control method of a camera having a 
lens standby position, the camera performing lens driving by 
electrically detecting a reference signal of a pulse motor, 
comprising comparing, during lens backward driving, a sum of 
a lens standby position step count and a forward drive step 
count, corresponding to a lens backward drive step count, 
with an acceleration and deceleration step count, and 
controlling the pulse motor at a pulse rate responsive to 
the backward drive step count. 

[Claim 3] A pulse motor control method of a camera having a 
lens standby position, the camera performing lens driving by 
electrically detecting a reference signal of a pulse motor, 
comprising dividing a lens standby position step count by a 
drive pulse data count during lens standby position drive to 
determine a quotient and a remainder, and driving the pulse 
motor in accordance with the drive pulse data by the number 
corresponding to the quotient, and by a pulse count 



- 4 - 



corresponding to the remainder after detecting a reference 
signal of the pulse motor so that the pulse motor stops at 
any lens standby position. 

[Claim 4] A pulse motor control method of a camera having a 
lens standby position, the camera performing lens driving by 
electrically detecting a reference signal of a pulse motor, 
comprising detecting a reference signal of the pulse motor 
selectively during a lens forward driving period or during a 
lens backward driving period. 

[Claim 5] A pulse motor control method of a camera having a 
lens standby position, the camera performing lens driving by 
electrically detecting a reference signal of a pulse motor, 
comprising storing the amount of focus adjustment with 
respect to a reference signal of the pulse motor, setting, 
as an adjustment value, a lens standby position prior to the 
lens forward driving in accordance with the focus adjustment 
amount, and driving the lens to the lens standby position. 
[Claim 6] A pulse motor control method of a camera having a 
lens standby position, the camera performing lens driving by 
electrically detecting a reference signal of a pulse motor, 
comprising driving the lens to the lens standby position 
subsequent to a reset operation or lens backward driving. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
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relates to a control method of a pulse motor in a camera 
that has a lens standby position and performs lens driving 
by electrically detecting a reference signal of the pulse 
motor. 
[0002] 

[Description of the Related Arts] Current cameras typically 
drive an imaging lens to a^ focus position using a step motor, 
and some perform imaging lens driving and shutter open and 
close driving with a single pulse motor. In accordance with 
the invention disclosed in Japanese Patent Laid-Open No. 5- 
232543 filed by the inventors of this invention, both the 
imaging lens driving, and the shutter open and close driving 
are performed by a single pulse motor. A basic 
reciprocating motion member is rotated in normal and reverse 
directions with respect to a home position by a pulse motor. 
With the basic reciprocating motion member rotating in the 
normal direction from the home position, a lens forward 
driving member is rotated in a normal direction through a 
ratchet plate. With a cam mechanism, a lens holding frame 
is driven forward to a position indicated by a ranger finder. 
With the basic reciprocating motion member rotating in the 
reverse direction with respect to the home position and with 
the ratchet plate remaining at the position thereof, a 
second lock pin causes a shutter blade open and close lever 
to rotate, thereby causing a shutter blade to open. 
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[0003] The disclosed invention also provides techniques in 
which a pulse width is lengthened while a member (ratchet) 
for holding a lens forward drive position is disengaged, and 
in which photoelectric detecting means for detecting a 
predetermined proximity location set up in the vicinity of a 
control reference position is arranged, and the reference 
position is reset by stopping a pulse motor by performing 
predetermined control on the pulse motor with respect to a 
position where the output signal from the photoelectric 
detecting means changes. Furthermore, to eliminate the 
effect of a mechanical error relating to the imaging lens 
forward drive, the mechanical error is converted into a 
drive pulse count for the pulse motor, the drive pulse count 
is stored in memory means as an adjustment value unique to 
each individual camera, and the unique adjustment value is 
added to a control value for electrical control when the 
imaging lens is electrically controlled to drive forward the 
imaging lens to a focus adjustment position. 
[0004] 

[Problems to be Solved by the Invention] The present 
invention provides improvements of the above-referenced 
disclosed invention. One object of the present invention is 
to provide a control method of a pulse motor of a camera 
having a lens standby position, the control method for 
shortening lens forward drive time or lens backward drive 
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time by arranging a lens standby position in addition to a 
control reference, driving forward a lens from the lens 
standby position or driving backward the lens from a lens 
forward position to the lens standby position. 
[0005] It is another object of the present invention to 
provide a control method of a pulse motor of a camera having 
a lens standby position, the control method for reducing 
time lag to a shutter operation by setting any lens standby 
position and reducing a forward drive amount of an imaging 
lens . 

[0006] It is yet another object of the present invention to 
provide a control method of a pulse motor of a camera having 
a lens standby position, the control method for preventing 
an erroneous detection of a reference signal or variations 
in the detection of the reference signal. 

[0007] It is still another object of the present invention 
to provide a control method of a pulse motor of a camera 
having a lens standby position, the control method for 
reducing time lag to a shutter operation, wherein if a 
device for storing a focus adjustment amount of the pulse 
motor from a reference signal output position is arranged, 
lens forward driving takes time during photographing 
depending on the focus adjustment amount from a reference 
signal, and the setting of the lens standby position as an 
adjustment value prior to the imaging lens forward driving 
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reduces the lens forward drive amount during photographing, 
thereby shortening lens forward drive time. 

[0008] It is a further object of the present invention to 
provide a control method of a pulse motor of a camera having 
a lens standby position, the control method for reducing 
time lag to a shutter operation for next release, wherein 
with the lens standby position set as an adjustment value 
prior to the imaging lens forward driving, the lens is 
driven to the lens standby position subseguent to a reset 
operation or a lens backward drive operation to be ready for 
the next release* 

[0009] 

[Means for Solving the Problems] To achieve the above 
objects, the present invention as claimed in claim 1 
includes comparing a forward drive step count with an 
acceleration and deceleration step count during lens forward 
drive, and controlling the pulse motor at a pulse rate 
responsive to the forward drive step count. The present 
invention as claimed in claim 2 includes comparing, during 
lens backward driving, a sum of a lens standby position step 
count and a forward drive step count, corresponding to a 
lens backward drive step count, with an acceleration and 
deceleration step count, and controlling the pulse motor at 
a pulse rate responsive to the backward drive step count. 

[0010] The present invention as claimed in claim 3 includes 
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dividing a lens standby position step count by a drive pulse 
data count during lens standby position drive to determine a 
quotient and a remainder, and driving the pulse motor in 
accordance with the drive pulse data by the number 
corresponding to the quotient, and by a pulse count 
corresponding to the remainder after detecting a reference 
signal of the pulse motor so that the pulse motor stops at 
any lens standby position. 

[0011] The present invention as claimed in claim 4 includes 
detecting a reference signal of the pulse motor selectively 
during a lens forward driving period or during a lens 
backward driving period. 

[0012] The present invention as claimed in claim 5, 
includes storing the amount of focus adjustment with respect 
to a reference signal of the pulse motor, setting, as an 
adjustment value, a lens standby position prior to the lens 
forward driving in accordance with the focus adjustment 
amount, and driving the lens to the lens standby position. 
As claimed in claim 6, the lens may be driven to the lens 
standby position subsequent to a reset operation or lens 
backward driving. 

[0013] 

[Operation] In accordance with the present invention of 
claim 1, a forward drive step count is compared with an 
acceleration and deceleration step count during lens forward 
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drive, the pulse motor is controlled at a slow speed in 
response to a low pulse rate if the forward drive step count 
is close to the acceleration and deceleration step count, 
and the pulse motor is controlled at a high speed in 
response to a high pulse rate if the forward drive step 
count is significantly higher than the acceleration and 
deceleration step count. In accordance with the present 
invention of claim 2, the sum of a lens standby position 
step count and a forward drive step count, corresponding to 
a lens backward drive step count, is compared with the 
acceleration and deceleration step count. The pulse motor 
is controlled at a slow speed in response to a low pulse 
rate if the lens backward drive step count is close to the 
acceleration and deceleration step count, and the pulse 
motor is controlled at a high speed in response to a high 
pulse rate if the lens backward drive step count is 
significantly higher than the acceleration and deceleration 
step count. . 

[0014] In accordance with the present invention of claim 3, 
during lens standby position drive, a lens standby position 
step count is divided by a drive pulse data count to 
determine a quotient and a remainder. After detecting the 
reference signal, the pulse motor is driven by drive pulse, 
data in response to the number corresponding to the quotient, 
and the pulse count corresponding to the remainder. A lens 
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ls thus precisely moved to the predetermined lens standby 
position and is then caused to wait on standby. Any lens 
standby position step count may be set so that the lens Is 
allowed to stop at any standby position. 

[0015] In accordance with the present Invention of claim A, 
the reference signal of the pulse motor may be detected 
selectively during lens forward driving or during lens 
backward driving. The output timing of the reference signal 
is shifted by hysteresis of sensors and backlash in 
mechanical components from when the reference signal is 
detected during the lens forward driving to when the 
reference signal is detected during the lens backward 
driving. The output timing of the reference signal is free 
from shifting by detecting the reference signal selectively 
during the lens forward driving or during the lens backward 
driving. 

[0016] In accordance with the present invention of claim 5, 
a lens standby position is set as an adjustment value in 
accordance with a focus adjustment amount prior to. the lens 
forward driving, and the lens is then driven to the lens 
standby position. The time lag to the shutter operation is 
thus reduced because lens forward driving time is reduced 
during photographing in accordance with a reduction in the 
amount of lens forward driving, the reduction caused by the 
lens driving to the lens standby position. 
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[0017] In accordance with the present invention of claim 6, 
the lens is driven to the lens standby position subsequent 
to a reset operation or lens backward driving to be ready 
for a next release. The time lag to the shutter operation 
in the next release is reduced. 
[0018] 

[Embodiments] The embodiments of a control method of a 
pulse motor of a camera having a lens standby position of 
the present invention will now be discussed with reference 
to the drawings. Fig. 1 illustrates an electronic module of 
a circuit in accordance with one embodiment of the present 
invention. The electronic module of the circuit includes as 
major portions a CPUl and interface (hereinafter referred to 
as "IF") IC 20. A battery 2 feeds constant voltage power to 
the CPU 1 through a DC-DC converter 3. Connected to the CPU 
1 are a reset IC 4, a remote control IC 5, an AEIC 6 for 
inputting light measurement data, an AFIC 7 for inputting 
range data, a date imprinting LED 8, a cloclc oscillator 9, a 
flash unit 11, an external liquid-crystal display 

(hereinafter referred to as "LCD") 12, an operation switch 
13 drivingly connected to a release button, a driver 15 for 
a finder display LCD 14, an EEPROM 16 for storing a variety 
of adjustment values, and a personal computer 10 used during 
adjustment, test, etc. 

[0019] The IFIC 20 controls a constant voltage control 
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transistor 24, thereby controlling a constant voltage output. 
Connected to the IFIC 20 are a constant voltage driver 21 
for a pulse motor 22 that drives a focusing lens, etc., a 
display LED 23, a driver 31 for a zoom motor 32 and a film 
conveyance motor 33, a driver 34 for a shutter 35, a driver 
36 for a lamp 37 that presents various displays for self- 
timer operation, for example, photoref lector (PR) and 
photointerrupter (PI) 38 for detecting operations of various 
elements, such as a shutter operation, and a DX switch 39 
for acquiring a variety of data, relating to a film, such as 
film speed, from a connection point of a film cartridge. 
[0020] Upon being reset by the reset IC 4, the CPU 1 
initiates the DC-DC converter 3, thereby feeding a constant 
voltage of 5 V to each IC, for example. Each IC has a power 
save function to draw a small current in the time other than 
operation period. The IFIC 20 is controlled by serial 
control data from the CPU 1. The CPU 1 periodically detects 
the operation of the operation switch 13. Upon determining 
that a release button is pressed, the CPU 1 captures light 
measurement data from the AEIC 6, and range data from the 
AFIC If checks a voltage discharged at the flash unit 11, 
and presents predetermined displays on the external LCD 12, 
the finder display LCD 14, and the display LED 23. The CPU 
1 operates the pulse motor 22 to drive forward a focus lens 
to a predetermined position based on the range data, and 
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performs a shutter open and close operation. 

[0021] In the shutter open and close control in response to 
the serial communication data from the CPU 1, the IFIC 20 
controls the operation of the constant voltage control 
transistor 24, thereby setting a shutter drive voltage, and 
processes a photoref lector (hereinafter referred to as "PR") 
signal of a photoref lector that detects the operation of the 
shutter by detecting light reflected from a shutter. If 
luminance of a subject is low during the shutter control, 
the flash unit 11 emits flash of light. The flash of light 
is controlled to an appropriate exposure level using 
flashmatic control or guide number control. 
[0022] Referring to Fig. 1, a portion of the IFIC 20, the 
constant voltage control transistor 24, and the constant 
voltage driver 21 constitute a voltage setter 40. Fig. 2 
illustrates a specific example of the voltage setter 40. As 
shown in Fig. 2, the pulse motor 22 drives the focus lens. 
The shutter is driven by an unshown electromagnetic plunger, 
etc. The output of the constant voltage control transistor 
24 is fed to the pulse motor 22 via the. constant voltage 
driver 21. The IFIC 20 controls the constant voltage 
control transistor 24 by outputting a control signal from a 
VCONT terminal so that the output voltage of the constant 
voltage control transistor 24 input to a VSENS terminal 
matches the voltage set by the CPU 1. The IFIC 20 outputs 
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at an FPMV terminal thereof an output voltage switching 
signal for the constant voltage driver 21. If output 
voltage switching signal is at an "L", the constant voltage 
driver 21 is enabled to function to drive the pulse motor 22 
at a constant voltage that is obtained by voltage dividing 
the reference voltage by a ratio of a resistor Rl and a 
resistor R2 . If the output voltage switching signal is at 
an "H", the pulse motor 22 is driven by the constant voltage 
output of the constant voltage control transistor 24 with 
the constant voltage driver 21 disabled. 

[0023] Terminals FPM0-FPM3 terminals of the IFIC 20 are 
pulse control output terminals for driving and controlling 
the pulse motor 22. Fig. 3 lists logical values of the 
constant voltage driver 21 when the pulse motor 22 is driven 
under two-phase excitation. Data transmitted from the CPU 1 
to the IFIC 20 is one of four pieces of data OAh, 06h, 09h, 
and 05h shown in Fig. 3. In response to the data 
transmitted from the CPU 1, the IFIC 20 outputs pulse 
control signals from the terminals FPM0-FPM3 to the constant 
voltage driver 21. In response to a combination of the 
pulse control signals from the terminals FPM0-FPM3, the 
constant voltage driver 21 inputs a drive pulse to the pulse 
motor 22, thereby controlling the rotation of the pulse 
motor 22. The sequence of the drive pulses are HH, HL, LH, 
and LL in that order during the lens forward driving, and 
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are HH, LH, LL, and HL in that order during the lens 
backward driving, 

[0024] As previously discussed, the pulse motor 22 rotates, 
thereby driving an imaging lens. Fig. 4 illustrates an 
example of lens position control, in other words, pulse 
motor control. As shown in Fig. 4, the lens position 
(position of rotation of the pulse motor 22) is shifted to a 
home position HP to a lens standby position, while also 
being moved forward for focusing a subject within a range 
from the close range to infinity. The lens standby position 
may be set anywhere. In the example shown in Fig. 4, the 
lens standby position is set in the vicinity of a lens 
position for focusing to the close range. A pulse motor 
reference signal (PI) is switched between the home position 
HP and the lens standby position. Also in the example of 
Fig. 4, the close range is in front of the lens forward 
driving range, and the distal end is infinity. Depending on 
the design of lens, the proximal end may be infinity, and 
the distal end may be the close range. 
[0025] The pulse motor reference signal serves as a 
reference for counting drive pulses when the pulse motor 22 
is controlled by the drive pulses. At the moment the 
imaging lens reaches a predetermined position, the pulse 
motor reference signal is transitioned from "H" to "L", or 
from "L" to "H" . The pulse motor 22 is controlled in 
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position by a drive pulse count. Due to misalignment, the 
position could fail to match the drive pulse count. Each 
time a series of steps is performed, the pulse motor 
reference signal is output, and the drive pulses are counted 
from the time point of the pulse motor reference signal. 
[0026] Referring to Fig. 4, the imaging lens is at the lens 
standby position at first, and is then forward moved from 
the lens standby position to the focused position in 
response to the range data. As shown in Fig. 5, the pulse 
motor is driven at a low pulse rate during an acceleration 
phase, is then driven at a high pulse rate during a lens 
forward driving phase, and is again driven at a low pulse 
rate during a deceleration phase when the lens approaches a 
target position. Upon reaching the target position, the 
pulse motor stops, and the shutter open and close operation 
is performed there. The lens is driven forward from the 
lens standby position to the target position, and is driven 
at a high pulse rate during the lens forward driving phase, 
the lens is quickly moved forward. Time lag to the shutter 
operation is thus reduced. Whether to set a high pulse rate 
or a low pulse rate during the lens forward driving is 
determined depending on the comparison of a lens forward 
driving step count with an acceleration and deceleration 
step count. If the target position in the lens forward 
driving operation is near the lens standby position with the 
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forward driving step count close to the acceleration and 
deceleration step count, lens forward driving is performed 
at a low pulse rate only during the acceleration phase and 
the deceleration phase. 

[0027] When the shutter open and close operation is 
completed, the lens backward driving to the home position 
and the lens standby position driving to the lens standby 
position are performed. As shown in Fig, 4 and Fig. 5, the 
lens backward driving operation includes a deceleration 
phase during which the pulse motor is driven in a reverse 
direction at a low pulse rate, and then a lens backward 
driving phase during which the pulse motor is driven at a 
high pulse rate. The lens backward driving phase extends 
beyond the lens standby position, and the pulse motor is 
driven at a low pulse rate during a deceleration phase as 
the lens approaches the home position. The lens then 
reaches the home position. As soon as the lens reaches the 
home position, the pulse motor is rotated again in the 
normal direction, and reaches the lens standby position. 
The lens standby position driving also includes an 
acceleration phase, and a lens standby position driving 
phase with high rate pulse driving, followed by a 
deceleration phase. The lens then reaches the lens standby 
position and stops there. The pulse motor reference signal 
is transitioned from "H" to "L" within the lens standby 
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position driving phase, and from the ' transition point, the 
drive pulses are continuously counted. 

[0028] The camera is sometimes reset. For example, the 
reset operation is performed when a lens barrier is cleared 
of the lens front to use the camera from a camera carry 
position where the lens barrier covers the lens front of the 
camera. In the reset operation, the lens is returned to the 
home position from the lens standby position as shown in 
Figs. 4 and 6, and is then moved forward to the lens standby 
position again. The backward driving operation from the 
lens standby position to the home position is performed at a 
low driving pulse rate during a deceleration phase. In the 
same manner as previously discussed, the driving operation 
from the home position to the lens standby position is 
performed through an acceleration phase, a lens standby 
position driving phase with a high driving pulse rate, and a 
deceleration phase in that order. During the reset 
operation, a new output pulse motor reference signal is used 
by driving the lens to the lens standby position after 
returning to the home position. In this way, position 
shifting, namely, a shift between a drive pulse count and a 
lens position is corrected each time, and the lens position 
is precisely controlled. 

[0029] The pulse motor reference signal is transitioned 
between "L" and "H" at the moment the lens passes a 
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predetermined reference position. In the example shown, the 
reference signal is transitioned from "H" to "L" during the 
lens forward driving, and transitioned from "L" to "H" 
during the lens backward driving. One of the reference 
signals is selected. Since the output timing of the 
reference signal is shifted by hysteresis of sensors and 
backlash in mechanical components from the lens forward 
driving to the lens backward driving, one of the two 
reference signals must be selected. 

[0030] The above-referenced operation will now be discussed 
with reference to flowcharts shown in Fig. 7 through Fig. 15. 
Let FCOUNT_F=0 represent the direction of lens backward 
driving. The reference position of the pulse motor is 
determined with the lens at the home position. Let 
FC0UNT_F=1 represent the direction of lens forward driving. 
The reference position of the pulse motor is determined with 
the lens at the lens standby position. The following 
discussion is based on this assumption. 

[0031] Fig. 7 illustrates the operation of the pulse motor 
during the reset operation thereof. When the CPU 1 is reset, 
the initial setting of the lens position, namely, the 
position of rotation of the pulse motor is performed. 
Interruption is disabled to output a drive pulse having a 
precise width for the pulse motor. Whether the pulse motor 
position is closer to the home position or closer to the 
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lens standby position with respect to the current pulse 
motor reference position is determined based on whether the 
output of the photointerrupter (hereinafter referred to as 
"PI") serving as a pulse motor reference signal is "L" or 
not. If PI=L, the pulse motor position is closer to the 
lens standby position. If PI=H, WORK_0L=32 is set, and a 
reset pulse width is set. WORK_0L means a pulse count RAM, 
and WORK_0L^32 means that a pulse motor drive NG flag 
(PMNGG_B) determination pulse count is set to "32". The 
pulse motor drive NG flag (PMNGG_B) determination pulse 
count means is the one with which PI does not change even 
with the pulse motor driven. If PI fails to become zero 
with 32 forward driving pulses output, PMNG_B=1 is set, and 
a pulse motor drive NG flag is set. 

[0032] Referring to Fig, 7, "SET RESET PULSE WIDTH" is for 
setting a pulse motor drive pulse width at the initial 
setting of the lens position. If with PI=L from the start, 
or PI is transitioned from "L" to "H", WORK_0L=FFH (255, for 
example) is set. After setting the reset pulse width, the 
backward pulse is output. If the output of the backward 
pulse causes the PI to transition from "L" to "H", pulse 
motor home position driving RDHP_S is executed. A driving 
operation PRE_S for driving the motor from the pulse motor 
home position to the lens. standby position is executed, 
thereby completing a lens position initial setting. Even 
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when PI is not transitioned to "H" after being transitioned 
to "L", PMNG_B=1 is set and the pulse motor drive NG flag is 
set . 

[0033] Fig. 8 illustrates the operation of the pulse motor 
home position driving RDHP_S . FCOUNT_F is a flag indicating 
a reference direction of the PI signal and is set in the 
EEPROM 16 of Fig. 1 during adjustment. The FCOUNT_F of 0 
indicates the direction from "L" to "H", namely, the lens 
backward driving direction, and the FCOUNT_F of 1 indicates 
the direction from "H" to "L", namely, the lens forward 
driving direction. After the adjustment, lens control is 
performed with the flag fixed to one of the two settings. 
When FCOUNT_F=0, RDHPPM=PMDD, and pulse motor drive data 
PMDD at the transition of the PI signal from "L" to "H" is 
stored. The backward drive pulse is then output, thereby 
driving the pulse motor toward the home position. When 
FCOUNT_F=0, PMDD=PiyiE count ( PME_C0UNT=3 ) is counted to set 
the home position. PME is home position pulse motor drive 
data stored in the EEPROM. 

[0034] When FC0UNT_F=1, a drive pulse count (PME_COUNT=10) 
is output to set the home position. Depending on FCOUNT_F, 
PME_COUNT is the number of occurrences of PMDD=PME, or the 
drive pulse count. As shown in Fig. 8, "weight 10 ms" is 
pulse motor stop and stable time. The driving to the home 
position is thus completed. 



[0035] Fig. 9 through Fig. 11 illustrate the driving 
operation (PRE-STEP) to the lens standby position subsequent 
to the driving to the home position. Here, the pulse motor 
control method changes depending on FCOUNT_F. When 
FC0UNT_F=1, the pulse motor is operated to move forward the 
lens until PI=L. As previously discussed with reference to 
Fig. 4, the lens driving includes the acceleration phase 
with a predetermined pre-drive pulse width followed by the 
lens standby position driving phase with a predetermined 
forward drive pulse width. With PI==L, the reference 
position of the pulse motor is calculated with the lens at 
the lens standby position. More specifically, PRE_STEP/4 is 
calculated to determine a quotient part and a remainder part. 
The denominator of the above equation is 4 because four 
pieces of pulse data HH, HL, LH^ and LL are used as shown in 
Fig. 3. Referring to Fig. 9, "8" of "W0RK_lL=PiyiE_C0UNT+8" 
means a margin value for calculating PI=L. When FCOUNT_F=0, 
the detection of the PI signal is not required because the 
reference position of the pulse motor is already determined 
at the home position. 

[0036] Referring to Fig. 10, the number to be compared with 
PRE-STEP is changed depending on whether FCOUNT_F is 0 or 1. 
More specifically, for FCOUNT_F=0, the number to be compared 
is FMRES*2, and for FC0UNT_F=1, the number to be compared is 
FMRES. The number to be compared is different because when 
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FC0UNT_F=1, the acceleration for the lens forward driving is 
already completed, and the deceleration step only remains to 
be performed. The determination of FCOUNT_F is performed to 
divide PRE-STEP count into acceleration, constant, 
deceleration states. Pulses are set to drive the pulse 
motor. When PRE_STEP is larger than WORK_0L, the pulse 
motor is controlled in the order of acceleration, constant 
speed driving, and deceleration, thereby driving the lens 
forward to the lens standby position. If PRE_STEP is 
smaller than WORK_0L, the pulse motor is controlled in only 
acceleration and deceleration, thereby driving forward the 
lens to the lens standby position. The pulse widths are 
related depending on phases as follows: acceleration = 
deceleration > constant speed driving, and pulse rates are 
related as follows: acceleration = deceleration < constant 
speed driving.' 

[0037] If PRE_STEP is larger than WORK_0L with FCOUNT_F=0, 
the algorithm jumps to a lens forward driving flowchart of 
Fig. 12 to drive the lens forward to the lens standby 
position. If with FC0UNT_F=1, on the other hand, the pulse 
motor 22 is driven in response to PMDD=PME corresponding to 
the quotient of the previously calculated PRE_STEP/4, and 
the lens forward driving is performed by the pulse count 
corresponding to the remainder of PRE_STEP/4. The lens is 
thus set to the lens standby position. 
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[0038] The lens forward driving operation to the focused 
position will now be discussed with reference to Fig. 12 and 
Fig. 13. Referring to Fig. 12, let FSTEP represent a pulse 
count required to drive the lens from the lens standby 
position to the lens focused position based on range finding 
result, and FSTEP is compared with FMRES*2 to determine 
whether a pulse count larger than a pulse count required in 
the acceleration and deceleration is present. The FSTEP 
count is divided into the acceleration, constant speed, and 
deceleration states, and the divided pulse counts are set. 
If FSTEP is larger than FMRES*2, the pulse motor 22 is 
controlled in the order of acceleration, constant speed 
driving, and deceleration, thereby driving forward the lens 
to FSTEP. If FSTEP is smaller than FMRES*2, the pulse motor 
is controlled only in acceleration and deceleration, thereby 
driving forward the lens to FSTEP. The pulse widths are 
related as follows: acceleration = deceleration > constant 
speed, and the pulse rates are related as follows: 
acceleration = deceleration < constant speed. 
[0039] The lens backward driving operation will now be 
discussed with reference to Figs. 14 and 15. Depending on 
whether FCOUNT_F is 0 or 1, the number to be compared with 
FSTEP+PRE_STEP, namely, the pulse count from the lens 
backward driving start position to the home position is 
changed. More specifically, for FCOUNT_F=0, the number to 
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be compared is FMRES*2+8. "8" is a shift in a decelerated 
position, and by decelerating the lens prior to the output 
of the pulse motor reference signal, the reference signal is 
reliably detected. For FC0UNT_F=1, the number to be 
compared is FMRES*2. FMRES*2+8 or FMRES*2 is compared with 
an acceleration and deceleration step count WORK_0L to 
determine whether a pulse count larger than the pulse count 
required for pulse motor acceleration and deceleration is 
present or not. FSTEP + PRE_STEP count is divided into 
acceleration, constant speed driving, and deceleration 
states, and divided steps are set. If FSTP+PRE__STEP is 
larger than WORK_0L, the pulse motor is controlled in the 
order of acceleration, constant speed driving, and 
deceleration, thereby driving backward the lens to the home 
position. If FSTP+PRE_STEP is smaller than WORK_0L, the 
pulse motor is controlled in only acceleration and 
deceleration, thereby driving backward the lens to the home 
position. The pulse widths are related as follows: 
acceleration = deceleration < constant speed, and the pulse 
rates are related as follows: acceleration = deceleration < 
constant speed. 

[0040] When PI=H is established at the pulse motor 
reference position with the lens driving to the home 
position, RDHP_S is executed to the pulse motor home 
position, and. then PRE_STEP is executed to the lens standby 
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position from the pulse motor home position. . In this way, 
the lens remains at the standby position, and the lens 
backward driving sequence is now completed. 

[0041] The embodiment of the present invention has been 
discussed. The present invention is not limited to the 
illustrated embodiment. The present invention may be 
modified and changed in design without departing the scope 
and spirit defined by the claims. More specifically, in the 
illustrated embodiment, the PRE_STEP position (lens standby 
position) is set up between the pulse motor reference signal 
output position and the close range focused position. Any 
position may be set as the PRE_STEP position depending on 
various design conditions. For example, the PRE_STEP 
position may be set up between the close range focused 
position and infinity focused position, or between infinity 
focused position and the pulse motor reference signal output 
position. The lens standby position may be set to a point 
variable depending on the range to a subject or past 
photographing results or a photographing mode. 

[0042] In the illustrated embodiment, the pulse motor 
reference signal output position is set to be close to the 
close range focused position. The pulse motor reference 
signal output position may be set to be close to the 
infinity focused position, or may be set between the close 
range focused position and the infinity focused position. 
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[0043] As is clear from the discussion of the embodiment, 
since the pulse motor reference signal is output and the 
lens is moved forward to the lens standby position from the 
pulse motor reference signal. Prior to the image lens 
forward driving in response to the focus adjustment amount, 
the lens is driven to the lens standby position with the 
lens standby position set up as an adjustment value. In 
this way, the amount of lens driving is reduced during 
photographing. The lens driving time is also reduced, and 
the time lag to the shutter operation is shortened. 
[0044] 

[Advantages] In accordance with the present invention of 
claim 1, a forward drive step count is compared with 
acceleration and deceleration step count during lens forward 
drive so that the pulse motor is controlled at a pulse rate 
corresponding to the forward drive step count. Thus, the 
pulse motor is controlled at a slow speed in response to a 
low pulse rate if the forward drive step count is close to 
the acceleration and deceleration step count, and the pulse 
motor is controlled at a high speed in response to a high 
pulse rate if the forward drive step count is significantly 
higher than the acceleration and deceleration step count. 
The lens forward drive time is thus shorted in response to 
any lens forward drive amount. 

[0045] In accordance with the present invention of claim 2, 
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the sum of the lens standby position step count and the 
forward drive step count, corresponding to the lens backward 
drive step count, is compared with an acceleration and 
deceleration step count during the lens backward drive so 
that the pulse motor is controlled at a pulse rate 
corresponding to the backward drive step count. The pulse 
motor is controlled at a slow speed in response to a low 
pulse rate if the lens backward drive step count is close to 
the acceleration and deceleration step count, and the pulse 
motor is controlled at a high speed in response to a high 
pulse rate if the lens backward drive step count is 
significantly higher than the acceleration and deceleration 
step count. The lens backward drive time is thus shortened 
from any lens backward drive position. 

[0046] In accordance with the present invention of claim 3, 
after the detection of the reference signal, the lens 
standby position step count is divided by the drive pulse 
data count to determine a quotient and a remainder. After 
detecting the reference signal, the pulse motor is driven by 
drive pulse data in response to the number corresponding to 
the quotient, and the pulse count corresponding to the 
remainder. Any standby position is set by setting any lens 
standby position step count. The lens forward drive time is 
reduced by reducing the lens forward drive amount during 
photographing, thereby shortening the time lag to the 
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shutter operation . 

[0047] In accordance with the present invention of claim 4, 
the reference signal of the pulse motor is detected 
selectively during lens forward driving or during lens 
backward driving. One of the reference signals detected 
during the lens forward driving and the lens backward 
driving is selected taking into consideration positional 
relationship in the mounting of a sensor, and the positional 
relationship between the rising edge and the falling ,edge of 
the sensor output. This arrangement prevents erroneous 
detection of the pulse motor reference signal and variations 
in the detection of the pulse motor reference signal. 

[0048] In accordance with the present invention of claim 5, 
a lens standby position is set as an adjustment value in 
accordance with the focus adjustment amount prior to the 
lens forward driving. The time lag to the shutter operation 
is thus reduced because the lens forward driving amount is 
reduced during photographing in accordance with a. reduction 
of a lens forward driving distance. 

[0049] In accordance with the present invention of claim 6, 
the lens may be driven to the lens standby position 
subsequent to a reset operation or lens backward driving to 
be ready for a next release. The time lag to the shutter 
operation in the next release is reduced. 
[Brief Description of the Drawings] 
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[Fig, 1] Block diagram of a control method of a pulse motor 
for use in a camera having a lens standby position in 
accordance with one embodiment of the present invention. 

[Fig. 2] Circuit diagram illustrating a specific voltage 
setter of the embodiment. 

[Fig. 3] Diagram illustrating logical values of a constant 
voltage driver of the embodiment. 

[Fig. 4] Diagram illustrating a lens forward driving 
operation and a lens backward driving operation of the 
embodiment . 

[Fig. 5] Time chart illustrating signals of blocks during a 

release operation in accordance with the embodiment. 

[Fig. 6] Time chart illustrating signals of blocks during a 

reset operation in accordance with the embodiment. 

[Fig. 7] Flowchart illustrating the operation of the 

embodiment during the reset operation. 

[Fig. 8] Flowchart illustrating a home position driving 
operation in accordance with the embodiment. 

[Fig. 9] Flowchart illustrating the driving operation from 
a home position to a lens standby position in accordance 
with the embodiment. 

[Fig. 10] Flowchart illustrating the operation in 
succession to the operation of the flowchart of Fig. 9. 
[Fig. 11] Flowchart illustrating the operation in 
succession to the operation of the flowchart of Fig. 10. 
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[Fig. 12] Flowchart illustrating the lens forward driving 

operation in accordance with the embodiment. 

[Fig. 13] Flowchart illustrating the operation in 

succession to the operation of the flowchart of Fig. 12. 

[Fig. 14] Flowchart illustrating a lens backward driving 

operation in accordance with the embodiment. 

[Fig. 15] Flowchart illustrating the operation in 

succession to the operation of the flowchart of Fig. 14. 
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WEIGHT 10 ms 
ENABLE INTERRUPTION 
INTERRUPTION DISABLED 

D 

LENS FORWARD DRIVE DECELERATION PHASE 
E 

SET DECELERATION PULSE WIDTH 
OUTPUT FORWARD PULSE 

Fig. 12 - 

DISABLE INTERRUPTION 

SET LENS FORWARD PREDRIVE PULSE WIDTH 

OUTPUT FORWARD PULSE 

SET LENS FORWARD DRIVE PULSE WIDTH 

RELEASE DISABLED 

FMRES: PULSE MOTOR PREDRIVE • DECELERATION PULSE COUNT 
FSTEP: LENS FORWARD DRIVE STEP COUNT 
LENS FORWARD PREDRIVE PHASE 
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LENS FORWARD DRIVE PHASE 
Fig. 13 

OUTPUT FORWARD PULSE 

SET LENS FORWARD DECELERATION PULSE WIDTH 
OUTPUT FORWARD PULSE 
WEIGHT 10 ms 
ENABLE INTERRUPTION 
RELEASE DISABLED 

LENS FORWARD DECELERATION PHASE 
Fig. 15 

OUTPUT BACKWARD PULSE 

SET PULSE WIDTH WITH A=FMCCWOSC 

OUTPUT BACKWARD PULSE 

SET LENS BACKWARD DECELERATION PULSE WIDTH 
OUTPUT BACKWARD PULSE 
RELEASE DISABLED 
ENABLE INTERRUPTION 

LENS BACKWARD DRIVE PHASE 

LENS BACKWARD DECELERATION PHASE 
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Partial Translation of Official Action from JPO 

Japanese Patent Application No. 10-340146 

The invention as set forth in the claims 1-4 of this 
application does not deserve a patent grant under the provision 
of the Article 29, Paragraph 2 of the Patent Law, because it is 
recognized to have been able to be readily invented by a person 
with ordinary skill in the field of art, to which the invention 
belongs, before this application, based on the invention as 
described in the following publications published in Japan or a 
foreign country prior to this application. 

Cited Documents are 1) "JP 04-100025 A", 2) "JP 04-345115 , 
A", 3) "JP 08-029661 A", 4) "JP 06-014231 A"; and 5) "JP 07- 
325246 A" . 

Japanese Patent Application No, 10-340145 

The invention as set forth in the claims 1-14 of this 
application does not deserve a patent grant under the provision 
of the Article 29, Paragraph 2 of the Patent Law, because it is 
recognized to have been able to be readily invented by a person 
with ordinary skill in the field of art, to which the invention 
belongs, before this application, based on the invention as 
described in the following publications published in Japan or a 
foreign country prior to this application. 

The document of "JP 08-327877 A" shows that positions of 
lens units and the moving speed thereof are detected and the 
movement and behavior of lens are controlled on the basis of 
the detection result . The communication means provided between 
a lens barrel and the camera is well known in the art . 

The moving speed of the lens unit is designated by a 
ratio of a distance between predetermined points and the 
period required for movement of the lens unit. It is easily 
understood by the skilled person that the ratios are 
understandably different from each other in accordance with 
the variation of lens barrel and the condition thereof. 
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The manner for setting the moved amount and moving speed 
is easily set by the skilled person as appropriate. 
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